that the mortality rate from arteriosclerotic heart disease was more than three times as high in Hawaiian as in Japanese males living in Hawaii. This confirmed earlier reported experience.2-4 To evaluate the reasons for these differences, the Hawaii Cardiovascular Study was initiated in 1962 as a retrospective study of cases of coronary heart disease in Hawaiian and Japanese males and controls.
IN 1962, Bennett and associates' reported that the mortality rate from arteriosclerotic heart disease was more than three times as high in Hawaiian as in Japanese males living in Hawaii. This confirmed earlier reported experience.2-4 To evaluate the reasons for these differences, the Hawaii Cardiovascular Study was initiated in 1962 as a retrospective study of cases of coronary heart disease in Hawaiian and Japanese males and controls.
A corollary study was conducted in October 1963, on 30 Hawaiian males living on the isolated island of Niihau. This island has a population of approximately 270 persons5 of nearly pure Hawaiian extraction.6 The purpose of this study was to define certain cardiovascular, metabolic, and related parameters in a relatively pure Hawaiian group, to use as a basis for comparison with similar measurements to be made in the main Hawaii Cardiovascular Study. The findings of the Niihau study can also be compared with similar studies of Polynesian males conducted elsewhere in the Pacific. enth largest in the Hawaiian chain, is located at latitude 220 North and longitude 160°West, and is situated 18 miles west of Kauai. The island is very dry (average annual rainfall, 20 inches per year); rainwater is used for drinking.
The average temperature is 75 F, with a range of 66 to 84 F; these temperatures are similar to those for all Hawaiian Islands. Niihau is privately owned; travel to and from it is confined to passage on the L.S.T. or sampan of the owner. Permission for such travel is granted to Niihauans or outsiders primarily for reasons relating to health or education.
Living conditions on the island are austere, but there is a well-preserved community life, with education given through the sixth grade. Men are employed primarily as cowboys; a few are beekeepers. In addition to cattle, a small number of sheep are raised and used for food. There are few island-grown fruits and vegetables. Dietary intake is of meager variety, resembling the ancient Hawaiian to the degree that poi and fish are daily consumed as staples. (Poi is transported from the neighboring island of Kauai, as are flour, rice, sugar, canned milk, corned beef, and soda crackers.)
On October 1, 1963, 30 volunteer Niihauan men, aged 22 to 64 years representing approximately 56%5 of the available males in that age range living on Niihau, were examined by a team of five physicians.* The following were recorded: brief medical history and physical examination; height (without shoes) and weight (lightly clothed); blood pressure (sitting, with left arm resting on table, standard 12.5 by 23.0 cm Tycos cuff and mercury manometer, diastolic level taken as disappearance of sound13); anthropometric measurements including bi-acromial and bi-iliac diameters, right upper arm and right subscapular skinfold thicknesses,14 and upper arm circumference; electrocardiograms (leads I, II, III, *Bassett, D. R., Brainard, S. C., Hartwell, A. S., Mlills, G. H., and Rosenblatt, G.
Circulation, Volume XXXIV, December 1966 aVR, aVL, aVF, VI, V2, V4, and V6, obtained with battery-operated Sanborn Visette electrocardiograph) interpreted according to criteria of Blackburn and associates,'5; serum cholesterol,*16 triglycerides,'7 and uric acidt,'8 (taken at random, that is, not fasting); and hematocrit values and viscosity (using cone-plate viscometer, and EDTA* as anticoagulant'9 at a shear rate of 230 sec-1). Blood specimens were transported at ambient temperatures (approximately 70 to 80 F) for approximately 8 hours, then refrigerated (for determinations of hematocrit and viscosity values) or frozen until analyzed. The results are tabulated in table 1 for the entire group and by 10-year age ranges.
In addition, a 3-day diet history was provided by 26 of the subjects in July 1964, with diary-type recording of foods eaten by each subject. These data were transferred to punch cards, and were analyzed according to a program prepared by the Heart Disease Control Program, U. S. Public Health Service and revised for analysis on the University of Hawaii I.B.M. 7040 computer.
An earlier survey, conducted in 1961 §, had obtained certain of the above measurements (plus fasting blood sugar) in some of the same subjects. These data were also tabulated and evaluated, and were used to confirm the presence of diabetes.
Results and Comments Seven subjects gave a history of diabetes mellitus; fasting blood sugars were obtained in 1961 in four of these and were 166, 140, 281, and 73** mg%. Another subject had a fasting blood sugar of 156 mg% in 1961, optic atrophy in 1963, and is considered diabetic. One subject gave a history of coronary heart disease plus angina and two gave histories of hypertension. The finding of at least eight diabetics among the approximately 60 adult males on Niihau indicates a prevalence of diabetes of at least 12%. This is higher than, but in accord with, the findings of Sloan,20 who studied 38 In that study the highest index (2.73) was also found in the group aged 35 to 44 years.
Serum Cholesterol
The mean serum cholesterol was 213 mg% (range, 134 to 322 mg%). When arranged by 10- year age groups (group I-IV, table 1), the **Diabetes in this 205-lb subject was diagnosed in 1963. The average serum triglyceride concentration (nonfasting) was 231 mg% (range, 46 to 622 mg%). Much significance cannot be attached to this value (since specimens were drawn without specification as to time and composition of meal), except (1) to record that Brown and associates26 considered a postprandial triglyceride level above 250 mg% (9.0 mEq/ L) probably abnormal, (2) to note also that nine subjects in the present study had values above 250 mg%, and (3) to record the known relationship between hyperglyceridemia and diabetes mellitus.27 Four of the nine high values (266, 622, 402, and 286 mg%) were in subjects known to have diabetes. Two others (523 and 329 mg%) were in subjects who in 1961 had fasting blood glucose levels of 134 and 128 mg%, respectively, (normal range, 80 to 120 mg%) and who therefore may also have carbohydrate intolerance.
Serum Uric Acid
The average serum uric acid concentration was 5.1 mg% (range, 4.1 to 8.0 mg%). This value is identical to that found for a group of 10 pure Hawaiian males studied in the main Hawaii Cardiovascular Study,28 and differs from the high values (average, between 7 and 8 mg%) for Maori (Polynesian) males studied by Prior and associates.12
Hematocrit and Whole Blood Viscosity
The average hematocrit was 53.0% (range, 39.7 to 63.7%); the average whole blood viscosity was 5.14 centipoise (range, 3.75 to 6.45 centipoise), nornal values for males being 4.59 ± 0.485. 19 Hematocrit and viscosity (measured at high shear rates) have been shown to be linearly correlated,19 and this is confirmed by the present group.
The parameters of weight/height, serum cholesterol, triglycerides, and uric acid changed concordantly when these were viewed in relation to 10-year age groups, and hematocrit values and viscosity varied in the same direction in this study. Examination of a larger number of subjects would be needed to determine whether these observations have statistical significance.
Blood Pressure
The average blood pressures for the group were 143.5 mm Hg systolic (range, 122 to 170 mm Hg) and 89.3 mm Hg diastolic (range, 50 to 120 mm Hg). The pattern by age distribution (table 1) was found to be different from that for the aforementioned parameters, with both systolic and diastolic blood pressures showing a tendency to rise through the decade aged 45 to 54 years.
Electrocardiogram
Electrocardiograms were taken on all subjects and interpreted by the criteria of Blackburn and associates.15 Nine subjects had 10 reportable electrocardiographic findings, as follows: one with Q-wave pattern (code no. I-2c); one with sinus bradycardia (code no. VIII-8); two with first degree A-V block (code no. VI-3); four with T-wave items (code no. V-3); and one with high amplitude R waves (code no. 111-1) plus T-wave flattening (code no. V-3). The prevalence of reportable electrocardiographic findings is thus 33%, which is similar to the 30.6% prevalence (calculated from figures in authors' table 1) reported for Caucasian males aged 20 to 59 years in Tecumseh, Michigan, by Ostrander and associates.29
Dietary Intake
The means and standard deviations of daily intake of nutrients are presented in table 3 . On the basis of information obtained from the records of 3-day diets prepared and submitted by 26 subjects in July, 1964, the average daily caloric intake was calculated to be 2,072 calories,* with 28.5% of calories derived from fat (9.6% derived from saturated fatty acids, 7.3% derived from polyunsaturated fatty acids, and 11.6% derived from the monounsaturated fatty acid, oleic acid). The intake of dietary polyunsaturated fatty acids is relatively high (7.3%) when compared with mainland United States groups,332 and is considered to be due to the significant consumption of fish. The average cholesterol intake of 440 mg per day* was lower than the *The average daily caloric intake is almost certainly less than actual and is considered most likely to represent under reporting. However, comparison of the dietary histories with the types of food known to be eaten on Niihau suggests that the percentage figures are probably valid, and indicate that there is a wide daily fluctuation in total caloric intake. No calories were reported to be derived from alcohol; alcholic beverages are not allowed on the island. Computer output was produced showing daily nutrient intake by subject, daily food group sources of nutrients by subject, and the mean, median, and range of nutrient intake by subject over the 3 days sampled. These data show a remarkably wide range of average daily caloric intake, with some subjects reporting 1,000 calories intake on one day and intakes of 2,000 to 2,500 calories on adjoining dates.*
Discussion
It is known that some degree of racial admixture has occurred among Hawaiians on Niihau, since the observed frequency for B gene is 17%, whereas 0% is expected in pure Polynesians.33 Niihauans are thought, by some, to be taller and darker than other Hawaiians; however, the average height (68.9 inches) of the Niihauans did not differ significantly from the height of 11 pure Hawaiians studied in the Hawaii Cardiovascular Study (68.1 inches). Niihauans (and Kauaians) tend to use "t" in Hawaiian speech, whereas Hawaiians from other islands tend to use ' in place of "t" (that is "kapa" for "tapa"). In a personal communication from K. P. Emory and in reports by Spaulding34 and Buck,35 it is considered that this use of "t" instead of "k" represents a retention of the original "t" and does not indicate by itself a separate origin for Hawaiians on Niihau and Kauai, as compared with Polynesians on the other Hawaiian islands.
In spite of the evidence from blood group study indicating some racial admixture, it is generally accepted6 7 that the inhabitants of the isolated island of Niihau represent the closest approximation to a pure Hawaiian racial group which can now be found. The present study of 30 Niihauan males, aged 22 to 64 years, representing approximately 50% of the adult males of that island, should therefore serve as a representative baseline against which the findings in pure and part Hawaiian males on Oahu22' 36 may be compared.
The evidence derived from mortality data, clinical examination, and electrocardiograms is consistent with earlier findings' of frequent occurrence of coronary heart disease among Polynesians in Hawaii. This study confirms the very high prevalence of diabetes and overweight among Hawaiians. Hematocrit values and whole blood viscosity were elevated. Systolic and diastolic blood pressures were moderately elevated (in comparison with agematched findings for Caucasian males in Framingham37). Concentrations of serum triglycerides (nonfasting) appeared to be higher than in random triglycerides reported for normal Caucasians.26 Concentrations of serum cholesterol and uric acid were not elevated for the group as a whole, although comparison of 10-year age groups indicated a tendency for overweight, hematocrit values, viscosity, uric acid, serum cholesterol, and random serum triglycerides to vary with age in the same directions.
Dietary histories suggested a wide fluctuation in day-to-day total caloric intake. The percentage of calories derived from fat was lower and the ratio of polyunsaturated over saturated fatty acid intake was higher than in Caucasian groups reported.30 32 The latter two findings may partially account for the lower average serum cholesterol levels among Niihauan men when compared to agematched Caucasian groups. The average total daily intake of calories and of cholesterol appeared low. While incomplete reporting may be the entire explanation of the unexpectedly low caloric intake, attention has recently been directed38 to the possibility that (in Caucasian adolescents at least) the average daily caloric intake of obese subjects may be decidedly less than that of normal weight controls.
Similarities between these Polynesian males and those studied in New Zealand8-10, 12 and the Cook Islands" are noted. These similarities include overweight, increased prevalence of diabetes, increased blood pressure, and relatively normal serum cholesterol levels. Of interest are the higher average serum cholesterol levels among unacculturated Polynesians on the islands of Atiu and Mitiaro as compared with Polynesians on the more developed neighboring island of Raratonga"l or on Niihau. Residents of Atiu and Mitiaro consume more coconut, are less overweight, and exercise more than Raratongans.1" It appears that the effect of saturated mediumchain fatty acids in coconut oil39 may account for the higher serum cholesterol levels among residents of Atiu and Mitiaro, and that this effect may manifest itself in spite of an opposite tendency of increased exercise to be associated with lower serum cholesterol levels. 31 Hawaiian males from Niihau and Oahu appear to differ from New Zealand Polynesians (Maoris) in having normal serum uric acid levels. Reasons for this difference are currently being sought. 28 In all four Polynesian groups reported (table 2) , there is a tendency toward increasing relative weight and serum cholesterol up to early middle age. Older age groups, both here and in other studies, demonstrate a decline from peak values for cholesterol23-25 and for relative weight. 40 Montoye and asso-ciates40 give possible explanations for the lower relative weight in older men (cohort effect, in which men of earlier eras might tend to be and to remain less obese; greater survival of lean men; and fat loss in later age). Prospective studies will be required to determine whether early death of overweight males (apart from any relationship of overweight to other high-risk factors) could account for the lower overweight index in men aged 50 years and beyond. Evidence already exists41 that men with hypercholesteremia (values above 260 mg%) have an increased likelihood of developing coronary heart disease and of dying from coronary heart disease, than do those with lower serum cholesterol levels. In view of the lower average serum cholesterol levels found in all the Polynesian groups studied (as compared with age-matched Caucasians), as well as the consistent decline in average values for older-aged Polynesian groups, it would be of interest to know whether this later decline indicates that Polynesian males having cholesterol values above the average peak value for their own race and sex (approximately 235 mg%) are, by virtue of that fact alone, in a higher-risk category. If so, then the boundary between normalrisk and high-risk categories is set at a lower cholesterol level in this overweight, diabetesprone group, than in a group not so characterized. Evidence exists to support this. 36 The increased prevalence of diabetes mellitus in Polynesians has been recorded by Prior and associates12 and by Sloan20 and is confirmed in this study. It is of importance to determine whether Polynesians are diabetic because they are obese, or obese because they are diabetic (a question posed by Vallence-Owen and Lilley42). Stated differently, the question arises whether Polynesians as a race are unusually prone to develop diabetes mellitus, or whether the increased prevalence of diabetes mellitus now documented among Polynesians is secondary to their recent development of overweight due to environmental factors. Related questions are whether the majority of Polynesians in the past were obese, and whether the prevalence of diabetes (or its preclinical biochemical manifestations) is increased among Polynesians who are not overweight. Evidence exists that not all Polynesian groups are overweight.1' Captain Cook, who first recorded observations among inhabitants of the Hawaiian Islands, reported in 1778 that, "we saw but few instances of corpulence; and these oftener amongst women than the men."43
If evidence accumulates to confirm that Polynesians as a race, and apart from the factor of obesity, have an increased proneness to diabetes, this racial trait might still have a relationship to environmental factors affecting the race in the past, operating in conjunction with natural selection. Neel44 has proposed that there would be an advantage in regard to conservation of carbohydrate (for persons or races exposed to alternating "feast or famine") of having a genotype charac-Circulation, Volume XXXIV, December 1966 terized by a greater-than-normal mobilization of insulin following food intake, tending thereby to minimize postprandial glycosuria and to enhance the conversion of glucose to depot fat. While this would have represented a "thrifty" genotype under conditions of "feast or famine," the more regular intake of food which is possible in modern societies may lead to a frequently repeated overproduction of insulin, with the development of insulin antagonists, ultimately resulting in clinical diabetes mellitus. It is conceivable that individuals possessing such a genotype would have had positive survival value during the period of major Polynesian ocean migrations. (The dietary histories obtained in the present study, although probably under reported, nevertheless suggest that a modified feast-orfamine eating pattern may still persist among these Polynesian males on Niihau.)
The value of conducting metabolic studies among varying racial subgroups is emphasized as an aid to learning whether the metabolic differences observed (increased prevalence of diabetes in Polynesians; hyperuricemia in New Zealand but not in Hawaiian Polynesians) are the result of a distinct mutation occurring at some time in the past subsequent to the divergence of racial groups or subgroups; or whether they might result from environmentally caused enzyme induction45 (for example, by diet) with the altered enzyme predominance then transmitted46 by mechanisms of natural selection; or whether they might result from multigenic hereditary transmission, with its clinical manifestations possibly intensified by recent changing environmental factors.47
Summary A study of 30 adult Polynesian males living on the isolated Hawaiian island of Niihau was conducted in October 1963. These relatively pure Polynesians were distinctly overweight, had a high prevalence of diabetes, and were hypertensive. Hematocrit values and whole blood viscosity were elevated. Serum uric acid levels were normal. Though Hawaiians generally have a high mortality rate from coronary heart disease, the average serum cholesterol level for this group was 30 to 40 mg% lower than in most populations having a high prevalence of coronary heart disease.
